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(54) METHOD AND DEVICE FOR HEAT-TREATING THICK STEEL PLATE 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for heat-treating thick steel plate, 
which can effectively heat thick steel plates online in a large quantity giving little 
residual stress, in heat-treating thB thick steel plates which have been subjected to 
accelerated cooling after hot rolling, and to provide a device therefor. 
SOLUTION: The method for heat-treating thick steel plate is characterized by 
subjecting thick steel plates after hot rolling, to an acoelerated cooling by a cooling 
system provided on the outlet side of a hot-rolling mill, and heat- treating them with 
an induction heating device provided an the outlet side of the cooling system. 
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CLAIMS 



[Ciaim(fi)] 

[Claim 1] The heat treatment approach of the steel plate characterized by heat-treating with the induction hBating apparatus formed 
in the appearance side of this cooling system after carrying out aoeelerated cooling with the cooling system in whJch the steel plate 
after hot rolling was prepared at the hot rolling mill appearance side. 

[Claim 2] The heat treatment approach of the steal plate according to claim 1 characterized by an induction heating apparatus being a 
solenoid mold induction heating apparatus. 

[Claim 3] The heat treatment approach of the steel pJate according to claim 1 or 2 characterized by setting right between heat In a 
hot leveJer after heat— treating b steal plate with an induction heating apparatus. 

[Claim 4] The heat treatment approach of the steel plate according to claim 1 to 3 characterized by performing tempering heat 
treatment by heat treatment of the steel plate by the induction heating apparatus. 

[Claim 5] The heat treatment approach of the steel plate according to claim 1 to 4 characterized by measuring the temperature 
distribution of the steel piate after accelerated coolin& and setting up the heating conditions of an induction heating apparatus based 
on this measurement result 

[Claim 6] The heat treatment approach of the steel plate according to claim 5 characterized by for an induction heating apparatus 
being a transverse mold induction heating apparatus, measuring the temperature distribution of the steal plate after accelerated 
coaGng, and heat-treating a steel plate locally based on this measurement resutt. 

[Claim 7] The thermal treatment equipment of the steel plats characterized by having the coding system for being equipment for 
hesMresting continuously and carrying out accelerated cooling of the steel plate after hot rolling from the continuation Rhine 
upstream on the same Rhine, an induction heating apparatus for heat-treating the steel plate by which accelerated cooling was 
carried out with this cooling system, and e hot leveler for correcting between heat the steel plate heat-treated by this induction 
heating apparatus. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Raid of the Invention] This invention relates to a suitable approach and equipment to heat a steel plate continuously and heat-treat 
it. 

[0002] 

[Description of the Prior Art] A steel plate b manufactured by cutting in a predetermined dimension, after rolling out the slab heated 
by predetermined temperature in the heating furnace with a hot rolling mill and cooling to a room temperature. In order to attain high- 
intensity-izmg of a steel plate, and high toughness-ization in reoent years, a cooling system is formed in the appearance eidB of a hot 
rolling mill, and acceleratad cooling of the steel plate rolled out with the hot rolling mill is carried out 

[0003] A uniform configuration is hard to be acquired even if it sets right between heat by the hot leveler prepared when it is 
conventionally premised on accelerated cooling after that, since the temperature of the steel plate by which accelerated cooling was 
earned out is not necessarily uniform. Moreover, even If a configuration improves, it is difficult to canoel the residual stress resulting 
from the uneven thermal stress inside a steel plate. 

[0004] Although afterbaking return heat treatment of the steel plate by which accelerated cooling was carried out is carried out in 
many cases, since thiB heat treatment is processed by that heat treating furnace installed in off-line, it cannot require and mass- 
produce time amount in a processing man day while a conveyance process becomes complicated, and is not usually the efficient 
manufacture approach. 

[0005] The technique about heat treatment of the conventional steel plate is shown below. 

[0006] Performing tempering processing by rapid heating in JP.4-358022.A with the heating apparatus installed on the same Rhine aa 
a rolling mill and accelerated cooling equipment is shown. Annealing carries out the programming rate to predetermined 450-degree-C 
or more tempering temperature of one or less Ac in 1 degrees C/second or more, and maintenance with tempering temperature is not 
performed but oooling a subsequent cooling rate in a second a second in 0.05 degrees C /or more 20 degrees C /or less is limited. 
This processing uses energization heating, dielectric heating, or infrared radiation heating as that heating method for the purpose of 
improvement in working capacity, and toughening of a steel plate. 

[0007] The straightening machine between heat, a cooling system, and a heat retaining device are arranged in thiB order, a stael plate 
ia kept warm to fixed temperature with a heat retaining device, and the configuration which manufactures the steel plate which 
excelled [ make / into homogeneity / the temperature distribution of a steel plate inside ] in the configuration is shown in JP.6- 
25461 5A 
[0008] 

[Problem(s) to be Solved by the Invention] However, there was a problem as shown below In the above-mentioned conventional 
technique. 

[0009] By the approach of JP ,4-358022 A the concrete thing is not shown at all about the faoility layout and the heating approach in 
real manufacture. In having arranged the facility, the problem which the imbalance of rolling efficiency and heat treatment efficiency 
produces is on the same Rhine like an example. Moreover, the huge scale corresponding to rt needs to be furnished for heat treatment 
of the steel plate which has an overall length (4O-50m). and it is difficult to install sueh a facility in practice, after further heat 
treatment — again — a cooling system — needed — manufacture of a steel plate — cost — it will become quantity. 
[0010] By the approach of JP, 6-25461 5 A for the detail of a heat retaining device is not indicated at all but keeping it warm on-line, a 
problem is In processing efficiency and capacity, and processing on the same Rhine cannot be realized In practice. 
[001 1] As mentioned above, although to form a heat treating furnace on online is desired in order to heat-treat efficiently rolling and 
the stael plate by which accelerated cooling was carried out in large quantities, there is a problem on a facility like the above- 
mentioned conventional technique, and the technique whioh can solve a problem is not yet developed. 

[0012] This invention was made in order to solve the above problems, and it aims at offering the heat treatment approach of a steel 
plate and equipment which can heat-treat a steel plate with little residual stress in large quantities efficiently on-line after hot rolling 
in heat treatment of a steel plate by which accelerated cooling was carried out. 
[0013] 

[Means for Solving the Problem] The heat treatment approach of the steel plate of this invention and equipment have the following 
descriptions. 

[0014] (1) The heat treatment approach of the steel plate characterized by hea«reating with the induction heating apparatus formed 
in the appearance side of this cooling system after csrrying out accelerated cooling with the cooling system in whioh the steel plate 
after hot rolling was prepared at the hot rolling mill appearance side. 

[0015] (2) The heat treatment approach of a steel plate given in the above (1) characterized by an induction heating apparatus being a 
solenoid mold induction heating apparatus. 

[0016] (3) The above (1) characterized by setting right between heat in a hot leveler after heat-treating a steel plate with an induction 
heating apparatus, or the heat treatment approach of a steel plate given in (2). 

[0017] (4) The above (1) characterized by performing tampering heat treatment by heat treatment of the steel plate by the induction 
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heating apparatus thru/ or the heat treatment approach of a steel plate given in either of (3). 

[0018] (5) The above (1) characterized by measuring the temperature dstribution of the steel plate after accelerated cooling, and 
setting up the heating conditions of an induction heating apparatus baaed on this measurement result thru/or the heat treatment 
approach of a steel platB given in either of (4). 

[0019] (6) The heat treatment approach of a steel piste given in the above (5) characterized by for an induction heating apparatus 
being a transverse mold induction heating apparatus, measuring the temperature distribution of the steel plate after accelerated 
cooling, end heat-treating e steel plate tocaQy based on this measurement result 

[0020] (7) The thermal treatment equipment of the steal plate characterized by having the cooling system for being equipment for 
heat-treating continuously end carrying out accelerated cooling of the steel plate after hot rolling from the continuation Rhine 
upstream on the same Rhine, an induction heating apparatus for heat-treating the steel plate by which accelerated coofing was 
carried out with this cooling system, and a hot leveler for correcting between heat the steel plate heat-treated by this induction 
heating apparatus. 
[0021] 

[Embodiment of the Invention] Drawing 1 is the explanatory view showing 1 operation gestatt of the manufacturing installation of the 
steel plate with which implementation of the heat treatment approach of the steel plats of this invention is presented. 
[0022] The manufacturing installation of the steel plate of this operation gastalt is equipped with the rolling mill 1. the cooling system 
2 for carrying out accelerated coofing of the steel plate 5 to the appearance side of a rolling mill 1, the induction heating apparatus 3 
for heatr-treating the steel plate 5 by which accelerated coofing was carried out with the cooling system 2, and the hot leveler 4 for 
correcting between heat the steel plate 5 heat-treated by the induction heating apparatus 3 from the continuation Rhine upstream. 
[0023] Said cooling system 2 is equipment which carries out accelerated cooling of the steel plate by the water spray or the jet. and 
equipments, such as usual roller quenching, usual pressure quenching, etc can be used for it 

[0024] Especially if rolling and correction of the distortion after accelerated cooling are possible for said hot leveler 4. it is not limited, 
and ft can use the usual straightening machine between heat. 

[0025] Said induction heating apparatus 3 is used as a tempering furnace after the accelerated cooling by the cooling system 2, and is 
used for the purpose, auch ae a temper of an ingredient, and residuar-stress reduction. In order to heat-treat on-line the steel plate 
manufactured by the cooling system in large quantities efficiently, the induction heating apparatus in which rapid heating is possible is 
used. 

[0026] As for an induction heating apparatus, it Is desirable that it is a solenoid mold induction heating apparatus Since a solenoid 
mold induction heating apparatus can give the different heat history from the interior of steel materials to the steel-materials surface 
section, it is possible to carry out rapid heating of degree-of-bardnees adjustment and the surface section of the directions of steel- 
materials board thickness, such as softening of only a steer-materials surface, with a heating rate higher than a board thickness 
center section, and it is because effectiveness is in reduction of the residual stress of steel materials. 

[0027] Next, actuation and an operation of the manufacturing Installation of the steel plate of the above-mentioned operation gestalt 
are explained. 

[0028] With a rolling mill 1, after rolling, rapid heating of the steel plate 5 in which accelerated cooling was carried out by the cooling 
eystBm 2 is carried out and tempering heat treatment is carried out by the induction heating apparatus 3. A steel plate 5 can 
manufacture a heat treatment steel plate efficiently on online by aetting right between heat by the hot leveler 4 after heat treatment 
by the induction' heating apparatus 3. Since ft Is the Induction heating apparatus which is made to pass a steel plate and is heated, a 
faotlrfcy is miniaturized, it can install between the existing accelerated cooling facility and a hot leveler, and facilityHzing is cheaply 
possible. Furthermore, cutting becomes possible as it is in shear Rhine after heat treatment, and large compaction of the manufacture 
time necessary for completion is achieved. 

[0029] Moreover, an eXemple of the specification of the solenoid mold induction heating apparatus with which implementation of the 
heat treatment approach of the steel plate aiming at the temper of the ingredient of this invention is presented was shown in Table t. 
According to Table 1. the number of an inductor is six sets and the frequency of each inductor is 1000Hz. The steal plate has set 
injection power as the greatest 5100kW by the inductor 2 which passes to the 2nd. 

[0030] 0.8m and the distance between inductors of the coil length of each inductor of this solenoid mold induction heating apparatus 
are 1.6m, and facility length is set to 14.4m. Thus, since facility length is short, a facility can become compact, and it can install 
between the existing accelerated cooling facility and s hot le velar, heating capacity — 25mm of for example, board thickness — • a 
board thickness core — up to 645 degrees C — heating — for 10 seconds, if it heats over soak 20 seoonds, the processing time of 
annealing will become 3 minutes. 

[0031] As mentioned above, spacing is prepared between inductors, intermittent heating is performed, and rapid and soak are made 
possible. The thermal stress of a steel plate surface is small by carrying out soak of the steel plate, there is little distortion, and the 
steel plate of low residual stress can be manufactured as a result. 
;0032] 
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[0033] Next, the temperature distribution of the steel plate after accelerated cooling are measured, and the heat treatment approach 
of a steel plata with desirable setting up the heating conditions of an induction heating apparatus based on this measurement result is 
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explained 

[0034] In the operation gestah. of drawing 1 , a radiation thermometer \s installed in a coofing-system appearance side* and the 
temperature distribution of the steel plate after accelerated cooling are measured. Prom these temperature cfistrfcution, residual 
stress is presumed and the heating conditions of an Induction heating apparatus are set up. When it is thought that residual stress is 
»ower than temperature distribution, it is also possible to gather the bearer rate in an induction heating apparatus, and to gather 
efficiency, and it is also possible to set right between heat in a hot levefer, without heat-treating with an induction heating apparatus. 
[0035] In this invention, although a solenoid mold is used as an induction heating apparatus, in case the temperature distribution of the 
steel plate after accelerated cooling are measured and local heating of the cross direction of a steel plate is carried out based on this 
measurement result the induction heating apparatus of a transverse mold may be used together. 
[0036] 

[Example] (Example 1) In the example of this invention, using equipment as shown in drawing 1 . reverse rolling was carried out wjth 
the finishing mill 1, and after finish rolling, tempering heat treatment aiming at residual-stress reduction was earned out. and 
subsequently it set right between heat by the hot level or 4 so that steel plate skin temperature might turn Into tempering temperature 
of 650 degrees C with the solenoid mold induction heating apparatus 3 in the steel plate 5 by which accelerated cooling was carried 
out to the coo ring-shut-down temperature of 550 degrees 0 with the cooling system 2. A hot leveler is the straightening machine 
which has arranged the roll of a total of five of a three upper roll end a -two bottom roll and can correct the defeot of shape of the 
steel plate produced by repeat bending at the time of rolling of curvature etc., and accelerated cooling here. The steel piste was 
******(ed) aftar correction between heat by the hot leveler 4, and the amount of cambers after ****** of the steel plate resulting 
from residual stress was measured. The result was shown in Table 2 with a steel piste dimension, the display flatness after hot leveler 
correction, etc. 

[0037] Moreover, ae an example of a comparison, reverse rolling was carried out with the finishing mill 1 using equipment as shown in 
drawing 1 to the material of the same size as an example, and after carrying out finish rolling, the steel plate 5 by which accelerated 
cooling was carried out to the cooling-shut-down temperature of 550 degrees C with the oooling system 2 was corrected between 
heat by the hot leveler 4, without hest-treating with the solenoid mold induction heating spparatua 3. This steel plate was '» M m * (ed) 
and the amount of cambers after ****** of the steol plate resulting from residual stress was measured The result was collectively 
shown in Table 2 with a steel plate dimension, the display flatness after hot leveler correction, etc. 
[0038] 

[Table 2] 
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[0039] As opposed to according to Table 2, the amount of cambers after steel plate itm-m being [ the display flatness aftar 1.5mm 
and hot leveler correction ] 2mm when tampering heat treatment aiming at residual-stress reduction is carried out In the case of the 
example of a comparison which did not cany out tempering heat treatment aiming at residual-stress reduction, the display flatness 
after 35mm and hot leveler correction of the amount of cambers after steel plate ****** is 1 6mm. By performing tempering heat 
treatment with a solenoid mold induction heating apparatus shows that residual stress is reduced and the steel plate excellent in a 
****** camber property and display flatness can manufacture efficiently on-line. 

(Example 2) In the example of this invention, using equipment as shown in drawing 1 . reverse rolling was carried out with the finishing 
mill 1, and after finish rolling, tempering heat treatment aiming at the temper of an ingredient was carried out and, subsequently it set 
right between heat by the hot leveler 4 so that eteel plate board thickness core temperature might turn into tempering temperature of 
645 degrees C using the solenoid mold induction heating apparatua 3 in the steel plate 5 by which accelerated cooling was carried out 
to the cooling-shut-down temperature of 230 degrees C with the cooling system 2. A hot leveler is the straightening machine which 
has arranged the roll of a total of Ave of a three upper roll and a-two bottom roll, and can correct the defect of shape of the steel 
plate produced by repeat bending at the time of rolling of curvature etc.. and accelerated cooling here. Ingredient inspection after 
correction between heat and of the steel plate was carried out by the hot leveler 4, and the material property value was measured. 
The result was shown in Table 3. 

[0040] Moreover, as an example of a comparison, equipment as shown in drawing 1 Is used to the material of the same size as the 
example of invention. Carry out reverse rolling with a finishing mill 1, and after carrying out finish rolling, the steel plate 5 by which 
accelerated cooling was earned out to the cooling-shut-down temperature of 230 degrees C with the cooling system 2 Using the gas 
fired fumaoe in the offHine of the conventional method instead of the solenoid mold induction heating apparatus 3, steel plate board 
thickness core temperature carried out tempering heat treatment aiming at the temper of an ingredient with the tempering 
temperature of 645 degrees C, and eet right between heat by the hot leveler 4. Ingredient inspection of this steel plate was oarried 
out and that material property value was measured. The result was collectively shown in Table 3. 
[0041] 
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[0042] Acoording to Table 3. as for the material property value sftcr aiming at temper of ingredient tempering [ both the example of 
this invention, and the example of a comparison ] heat treatment YS=S50MPa and the tensile strength TS of yield strength YS were 
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completely the same a* that of TS=640MPa. However, in the example of this invention, production time also took several days by the 
example of a comparison to the production time to the completion of product cutting having bean severs] hours in rolling heat 
treatment - shear Rhine by conveyance to the turn waiting by conveyance to a heat treating furnace, and the temperature of a heat 
treating furnace, and shear Rhine etc. That is, it means that the quality of the material equivalent to the gas-fire cHumace temper 
material in the usual off-fine was acquired for a short time by carrying out tempering heat treatment using the solenoid mold induction 
heating apparatus of this invention. Here, in the induction heating apparatus used in the example of this invention, since whenever 
[ sieving temperature ] can be set as the temperature of arbitration for every steel plate, the turn waiting by the temperature of heat 
treatment with a natural thing is not produced. 
[0043] 

[Effect of the Invention] As stated above, after hot roiling, in heat treatment of a steel plate by which accelerated cooling was carried 
out, efficiently and In large quantities, ft aimed at the temper of aiming at residual-stress reduction tempering [ a steel plate ] heat 
treatment and an ingredient, and, according to this invention, tempering heat treatment can be earned out orr-flne. 



[Translation done J 



No. 3954 P. 1 5 4/4 



http://w^4.ipdlncipi.gojp/cgi-bin/1rarLweb.cgLejje 



2006/08/24 



20061 8fl25B , J2f14#3i33 f A J FE TECHNO-RESEARCHwngs] 

« NOTICES » 



No. 3954 P. I61/1K-*; 



JPO and ffCIPl are not responsible for any 
damages caused by the use of this trans lotion. 

1 .This dooumerrt has been translated by computer. So the translation may not reflect the original precisely. 
2_**x* ahowg the word which can not be translated. 
3Jn the drawings, any words are not translated 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The explanatory view showing 1 operation gestatt of the manufacturing insta Ration of the steel plate with which 
implementation of the heat treatment approach of the steel plats of this invention is presented 
[Description of Notations] 
1 Finishing Mill 
Z Cooling System 

3 Induction Heating Apparatus 

4 Hot Levator 

5 Steel Plate 
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[Drawing ll 
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